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FEEDBACK WITH UNEQUAL ERROR
PROTECTION

This application claims the benefit of U.S. Provisional
Application No. 61/020,491, filed Jan. 11, 2008, the disclo-
sure of which is fully incorporated herein by reference.

TECHNICAL FIELD

Implementations described herein relate generally to feed-
back schemes having unequal error protection in a commu-
nication system.

BACKGROUND

In a communication system, such as in a wireless commu-
nication system, two devices may communicate by establish-
ing and maintaining a communication link. For example, a
wireless station and user equipment (UE) may communicate.
A fundamental aspect to this communication is link adapta-
tion. For example, the wireless station transmits to the UE in
a manner tailored to the channel conditions experienced by
the UE. The wireless station is able to perform link adaptation
based on the UE transmitting to the wireless station one or
more feedback messages. The feedback message can include,
among other things, channel quality indicators (CQIs). The
UE generates the CQIs based on its estimation of existing
channel conditions. In a Multiple-Input Multiple-Output
(MIMO) communication system, the UE may provide a CQI
for each layer (e.g., data stream) of communication.

In existing solutions, however, where per-layer CQI feed-
back is provided, the UE transmits the feedback message
without regard to the content of the feedback message and/or
without recognizing relationships between the content of the
feedback message, the corresponding channel conditions,
and the need for error protection. For example, the UE may
transmit the feedback message with inadequate error protec-
tion. In this regard, information included in the feedback
message may be lost or improperly decoded by the wireless
station, which can result in poor communication between the
UE and the wireless station. The UE may also transmit the
feedback message with an unnecessarily high level of error
protection, thereby wasting communication resources.

SUMMARY

It is an object to obviate at least some of the above disad-
vantages and to improve the operability of devices within a
communication system.

According to one aspect, a method for providing feedback
by a device associated with a wireless network may be char-
acterized by receiving transmissions via a receiver of the
device, generating a feedback message based on the received
transmissions, the feedback message may include an ordered
set of feedback parts, with each feedback part having a rela-
tionship with a transmission property capable of having a
range of transmission property values, where a greater trans-
mission property value enables a higher maximum data rate
for the potential transmission than a lower transmission prop-
erty value that enables a lower maximum data rate for the
potential transmission, the data rate corresponding to a pay-
load size of the potential transmission, and where the ordered
set of feedback parts may be defined such that a lowest value
in the range of transmission property values for each of the
feedback parts, except a first feedback part in the ordered set
of feedback parts, may be greater than a lowest value in the
range of transmission property values of a preceding feed-
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2

back part in the ordered set. and that the relationship between
each feedback part and the range of transmission property
values being such that one or more of the feedback parts may
include information that at least partly predicts a communi-
cation performance of the potential transmission with a char-
acteristic corresponding to any of the transmission property
values in the range of transmission property values, encoding
the feedback message using an unequal error protection code
that provides a plurality of levels of error protection, where a
level of error protection of each feedback part, except the first
feedback part, is lower than or equal to a level of error pro-
tection of the preceding feedback part, and the level of error
protection is not equal for all feedback parts of the ordered set,
and transmitting the encoded feedback message.

According to another aspect, a method for providing link
adaptation by a device associated with a wireless network
may be characterized by receiving a feedback message
encoded with unequal error protection code, the feedback
message may include an ordered set of feedback parts, with
each feedback part having a relationship with a transmission
property capable of having a range of transmission property
values, where a level of error protection for each feedback
part, except a first feedback part in the ordered set of feedback
parts, is lower than or equal to a level of error protection of a
preceding feedback part of the ordered set of feedback parts,
and the level of error protection is not equal for the ordered set
of feedback parts, decoding the feedback message, perform-
ing link adaptation for a subsequent transmission based on the
decoding of the feedback message, and transmitting the sub-
sequent transmission according to the link adaptation.

According to yet another aspect, a device may be charac-
terized by a transceiver configured to receive transmissions
from another device, generate a feedback message including
a set of feedback parts, with each feedback part having rela-
tionship with a transmission property capable of having a
range of transmission property values that correspondingly
enable a range of data rates for a potential transmission, and
where each of the feedback parts is capable of including
information that predicts a communication performance of
the potential transmission, and the feedback parts having an
order where the order provides lesser error protection to feed-
back parts that are associated with transmission property
values that enable higher data rates and greater error protec-
tion to feedback parts that are associated with transmission
property values that enable lower data rates, encode the feed-
back message using an unequal error protection code, where
the respective level of error protection for each of the feed-
back parts is lower than or equal to a preceding feedback part,
and transmit the feedback message via an antenna.

According to still another aspect, a wireless station may be
characterized by a transceiver configured to receive a feed-
back message encoded with unequal error protection, the
feedback message may include a set of feedback parts, with
each feedback part having a range of transmission property
values that correspondingly enable a range of data rates for a
potential transmission, and the feedback parts have an order
where the order provides lesser error protection to feedback
parts that are associated with transmission property values
that enable higher data rates and greater error protection to
feedback parts that are associated with transmission property
values that enable lower data rates, decode the feedback mes-
sage, perform link adaptation for a subsequent transmission
based on the decoding, and transmit the subsequent transmis-
sion according to the link adaptation.

According to another aspect, a computer-readable medium
may contain instructions executable by at least one processor
of'a device, the computer-readable medium may include one
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or more instructions for receiving transmissions, one or more
instructions for generating a feedback message based on the
received transmissions, the feedback message including feed-
back parts, with each feedback part associated with a trans-
mission property capable of having a range of transmission
property values that correspondingly enable a range of data
rates for a potential transmission, and where each of the
feedback parts is capable of including information that at
least partly predicts a communication performance of the
potential transmission, and the feedback parts having an order
that relates to the range of transmission property values, one
or more instructions for encoding the feedback message with
an unequal error protection code, where unequal levels of
error protection are distributed in the feedback message based
on the order of feedback parts such that feedback parts that
afford higher data rates are encoded with lower error protec-
tion than feedback parts that afford lower data rates, and one
or more instructions for transmitting the feedback message.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are diagrams illustrating devices com-
municating with one another via a communication system:

FIG. 2 is a diagram illustrating exemplary components of
the UE in FIG. 1;

FIG. 3 is a diagram illustrating an exemplary components
of the Multiple-Input Multiple-Output (MIMO) transceiver
of the UE in FIG. 1;

FIG. 4 is a diagram illustrating exemplary components of
the MIMO receiver of the UE in FIG. 1;

FIG. 5 is a diagram illustrating an exemplary implementa-
tion of the UE in FIG. 1, where the UE includes a radio
telephone;

FIG. 6 is a diagram illustrating exemplary components of
the device in FIG. 1;

FIG. 7 is a diagram illustrating exemplary components of
the MIMO transceiver of the device in FIG. 1,

FIG. 8 is a diagram illustrating exemplary components of
the MIMO transmitter of the device in FIG. 1;

FIGS. 9A-9C are diagrams illustrating exemplary feed-
back messages;

FIGS. 10 and 11 are flow diagrams illustrating exemplary
processes associated with the concepts described herein; and

FIG. 12 is a diagram illustrating exemplary communica-
tions exchanged between the UE and the device.

DETAILED DESCRIPTION

The following detailed description refers to the accompa-
nying drawings. The same reference numbers in different
drawings may identify the same or similar elements. Also, the
following description does not limit the invention.

The term “may” is used throughout this application and is
intended to be interpreted, for example, as “having the poten-
tial to,” configured to,” or “capable of,” and not in a manda-
tory sense (e.g., as “must”). The terms “a” and “an” are
intended to be interpreted to include, for example, one or
more items. Where only one item is intended, the term “one”
or similar language is used. Further, the phrase “based on” is
intended to be interpreted to mean, for example, “based, at
least in part, on” unless explicitly stated otherwise. The term
“and/or” is intended to be interpreted to include any and all
combinations of one or more of the associated list items. The
term feedback message and feedback report may be used
interchangeably in this description.

The concepts described herein relate to utilizing unequal
error protection for improving communication in a commu-
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4

nication system, as well as other advantages that may neces-
sarily flow therefrom or are apparent from the description that
follows. The communication system is intended to be broadly
interpreted to include any type of wireless network, such as a
cellular network or a mobile network (e.g., Global System for
Mobile Communications (GSM), Long Term Evolution
(LTE), Wideband Code Division Multiple Access
(WCDMA), Ultra Mobile Broadband (UMB), Universal
Mobile Telecommunications Systems (UMTS). Code Divi-
sion Multiple Access 2000 (CDMA2000), ad hoc networks.
High-Speed Packet Access (HSPA), etc.), and non-cellular
networks (e.g., Wireless Fidelity (Wi-F1i), Worldwide Interop-
erability for Microwave Access (WiMax), etc.). In this regard,
it will be appreciated that the concepts described herein are
not platform dependent and may be implemented within a
wide variety of communication standards. The terms “com-
munication system” and “network” may be used interchange-
ably throughout this description.

Embodiments described herein may apply unequal error
protection (UEP) to a feedback message in a manner that
accounts for channel conditions. As will be described, the
feedback message may include feedback parameters having
different levels of utility for link adaptation depending on the
channel conditions. In one embodiment, the feedback param-
eters may be encoded with different levels of error protection
based on a transmission property (e.g., a transmission rank or
the number of carriers). The term transmission rank may
correspond to the number of simultaneous layers (e.g., data
streams) that a device requests for transmission to itself. The
feedback message may include a transmission property value
corresponding to the transmission property. In another
embodiment, the feedback message may not include a trans-
mission property value corresponding to a transmission prop-
erty (e.g., a transmission rank or the number of carriers). The
feedback message may include feedback parameters having
different levels of utility for link adaptation depending on the
channel conditions. The feedback parameters may be
encoded with different levels of error protection based on the
transmission property.

In view of the feedback scheme described herein, a feed-
back message having a greater degree of reliability under
varying channel conditions may be transmitted, which in turn,
when received, may improve the ability to perform link adap-
tation and provide an enhanced quality of service to end users.

For purposes of discussion, a MIMO communication sys-
tem (e.g., LTE) will be described herein. [t will be appreciated
that concepts described herein are not dependent on employ-
ing this particular type of communication system.

FIG. 1A is a diagram illustrating an exemplary communi-
cation system 100 in which the concepts described herein
may be implemented. As illustrated, communication system
100 may include a device 105, a network 110 that may include
a device 115, and a device 120. A device may include, for
example, a base station, UE, a repeater, a gateway, a relay, a
combination thereof, or any other type of device that has
communication capabilities. Device 105 may be communi-
catively coupled to device 120 via device 115 and/or network
110. Devices 105, 115 and/or 120 may perform link adapta-
tion and/or may generate feedback messages according to the
concepts described herein.

Since the concepts described herein are not dependent on
the type of particular devices in communication system 100,
for purposes of discussion, communication system 100 will
be described based on the exemplary devices illustrated in
FIG. 1B. FIG. 1B illustrates a UE 105, network 110, a wire-
less station 115 and device 120. UE 105 may be communica-
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tively coupled to device 120 via network 110. For example,
UE 105 may be communicatively coupled with device 120 via
wireless 115 of network 110.

UE 105 may include a device having communication capa-
bility and configured to apply UEP to transmitted communi-
cations. For example, UE 105 may include a telephone, a
computer, a personal digital assistant (PDA), a gaming
device, a music playing device, a video playing device, a web
browser, a personal communication system (PCS) terminal, a
pervasive computing device, and/or some other type of user
device configured to perform one or more of the functions
associated with the concepts described herein. The capabili-
ties of UE 105 will be described in greater detail below.

Network 110 may include, in addition to wireless station
115, one or more networks of any type, including a wireless
network or a wired network. For example, network 110 may
include a local area network (LAN), a wide area network
(WAN), a telephone network, such as the Public Switched
Telephone Network (PSTN) or a Public Land Mobile Net-
work (PLMN), a satellite network, an intranet, the Internet, or
a combination of networks or communication systems. In
other instances, network 115 may only include wireless sta-
tion 115.

Wireless station 115 may include a device having commu-
nication capability and configured to decode UEP received
communications. The term “wireless station” is intended to
be broadly interpreted to include any type of device that may
communicate with UE 105 via a wireless link. For example, a
wireless station may include a base station (BS), a base sta-
tion transceiver (BTS) (e.g., in a GSM communication sys-
tem), an eNodeB (e.g., in a LTE communication system), a
Node B (e.g., ina UMTS communication system), a repeater,
a relay, or some other type of device configured to perform
one or more of the functions associated with the concepts
described herein. The capabilities of wireless station 115 will
be described in greater detail below.

Device 120 may include a device having communication
capability. For example, device 120 may include a UE, a
server that provides resources and/or services, and/or some
other type of device capable of maintaining end-to-end com-
munication with UE 105 via wireless station 115.

FIG. 2 is a diagram illustrating exemplary components of
UE 105. As illustrated, UE 105 may include a MIMO trans-
ceiver 205, a processor 210, a memory 215, an input device
220, an output device 225, and a bus 230. The term “compo-
nent,” as used herein, is intended to be broadly interpreted to
include, for example, hardware, software and hardware, firm-
ware, etc.

MIMO transceiver 205 may include a component capable
of transmitting and/or receiving information over radio fre-
quency channels via multiple antennas (not illustrated).

Processor 210 may include a component capable of inter-
preting and/or executing instructions. For example, processor
210 may include, a general-purpose processor, a micropro-
cessor, a data processor, a co-processor, a network processor,
an application specific integrated circuit (ASIC), a controller,
a programmable logic device, a chipset, and/or a field pro-
grammable gate array (FPGA).

Memory 215 may include a component capable of storing
information (e.g., data and/or instructions). For example,
memory 215 may include a random access memory (RAM),
a dynamic random access memory (DRAM), a static random
access memory (SRAM), a synchronous dynamic random
access memory (SDRAM), a ferroelectric random access
memory (FRAM), a read only memory (ROM), a program-
mable read only memory (PROM), an erasable program-
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6

mable read only memory (EPROM), an electrically erasable
programmable read only memory (EEPROM), and/or a flash
memory.

Input device 220 may include a component capable of
receiving an input from a user and/or another device. For
example, input device 220 may include a keyboard, a keypad,
a mouse, a button, a switch, a microphone, a display, and/or
voice recognition logic.

Output device 225 may include a component capable of
outputting information to a user and/or another device. For
example, output device 225 may include a display, a speaker,
one or more light emitting diodes (LEDs), a vibrator, and/or
some other type of visual, auditory, and/or tactile output
device.

Bus 230 may include a component capable of providing
communication between and/or among the components of
UE 105. For example, bus 230 may include a system bus, an
address bus, a data bus, and/or a control bus. Bus 230 may also
include bus drivers, bus arbiters, bus interfaces, and/or clocks.

Although FIG. 2 illustrates exemplary components of UE
105, in other implementations, UE 105 may include fewer,
additional, and/or different components than those depicted
in FIG. 2. For example. UE 105 may include a hard disk or
some other type of computer-readable medium along with a
corresponding drive. The term “computer-readable medium,”
as used herein, is intended to be broadly interpreted to include
a physical or a logical storing device. It will be appreciated
that one or more components of UE 105 may be capable of
performing one or more other tasks associated with one or
more other components of UE 105.

FIG. 3 is a diagram of exemplary components of MIMO
transceiver 205. As illustrated, MIMO transceiver 205 may
include a MIMO transmitter 305, a MIMO receiver 310, and
transmit/receive (TX/RX) antennas 315. MIMO transmitter
305 may include a component capable of transmitting infor-
mation over radio frequency channels via TX/RX antennas
315. MIMO receiver 310 may include a component capable
of receiving information over radio frequency channels via
TX/RX antennas 315. TX/RX antennas 315 may include
multiple antennas capable of receiving information and trans-
mitting information via radio frequency channels. TX/RX
antennas 315 may be communicatively coupled to MIMO
transmitter 305 and MIMO receiver 310.

Although FIG. 3 illustrates exemplary components of
transceiver 205, in other implementations, transceiver 205
may include fewer, additional, or different components than
those depicted in FIG. 3.

FIG. 4 is a diagram of exemplary components of MIMO
receiver 310 of UE 105. As illustrated, MIMO receiver 310
may include a receive processing unit 405 and a feedback
processing unit 410 that includes a UEP encoder 415.

Receive processing unit 405 may include a component
capable of processing received information. For example,
receiving processing unit 405 may be capable of demodulat-
ing, de-interleaving, de-multiplexing, equalizing, filtering,
decoding, etc. received information over radio frequency
channels.

Feedback processing unit 410 may include a component
capable of performing, among other things, channel estima-
tion, transmission rank recommendation or command, and
CQI calculation. Feedback processing unit 410 may generate
a feedback message. The feedback message may include
information for link adaptation to be performed by wireless
station 115.

UEP encoder 415 may include a component capable of
applying UEP to the feedback message. Feedback processing
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unit 410 may be communicatively coupled to MIMO trans-
mitter 305 so that the feedback message may be transmitted.

Although FIG. 4 illustrates exemplary components of
MIMO receiver 310, in other implementations, MIMO
receiver 310 may include fewer, additional, or different com-
ponents than those depicted in FIG. 4. For example, feedback
processing unit 410 and/or UEP encoder 415 may be included
with MIMO transmitter 305.

FIG. 5 is a diagram illustrating an exemplary implementa-
tion of UE 105, where UE 105 includes a radiotelephone. As
illustrated, UE 105 may include a microphone 505 (e.g., of
input device 220) for entering audio information, a speaker
510 (e.g., of output device 225) for outputting audio informa-
tion, a keypad 515 (e.g., of input device 220) for entering
information or selecting functions, and a display 520 (e.g., of
input device 220 and/or output device 225) for outputting
visual information and/or inputting information, selecting
functions, etc.

Although FIG. 5 illustrates an exemplary implementation
of UE 105, in other implementations, UE 105 may include
fewer, additional, or different exemplary components.

FIG. 6 is a diagram illustrating exemplary components of
wireless station 115. Device 120 may be similarly configured
or configured similar to that of UE 105. As illustrated, wire-
less station 115 may include a MIMO transceiver 605, a
processor 610, a memory 615, and a bus 620.

MIMO transceiver 605 may include a component capable
of transmitting and/or receiving information over radio fre-
quency channels via multiple antennas (not illustrated). Pro-
cessor 610 may include a component capable of interpreting
and/or executing instructions. For example, processor 610
may include, a general-purpose processor, a miCroprocessor,
a data processor, a co-processor, a network processor, an
application specific integrated circuit (ASIC), a controller, a
programmable logic device, a chipset, and/or afield program-
mable gate array (FPGA). Memory 615 may include a com-
ponent capable of storing information (e.g., data and/or
instructions). For example, memory 615 may include a ran-
dom access memory (RAM), a dynamic random access
memory (DRAM), a static random access memory (SRAM),
a synchronous dynamic random access memory (SDRAM), a
ferroelectric random access memory (FRAM), a read only
memory (ROM), a programmable read only memory
(PROM), an erasable programmable read only memory
(EPROM), an electrically erasable programmable read only
memory (EEPROM), and/or a flash memory.

Bus 620 may include a component capable of providing
communication between and/or among the components of
wireless station 115. For example, bus 620 may include a
system bus, an address bus, a data bus, and/or a control bus.
Bus 620 may also include bus drivers, bus arbiters, bus inter-
faces, and/or clocks.

Although FIG. 6 illustrates exemplary components of
wireless station 115, in other implementations, wireless sta-
tion 115 may include fewer, additional, and/or different com-
ponents than those depicted in FIG. 6. It will be appreciated
that one or more components of wireless station 115 may be
capable of performing one or more other tasks associated
with one or more other components of wireless station 115.

FIG. 7 is a diagram of exemplary components of MIMO
transceiver 605 of wireless station 115. As illustrated. MIMO
transceiver 605 may include a MIMO transmitter 705, a
MIMO receiver 710, and TX/RX antennas 715. MIMO trans-
mitter 705 may include a component capable of transmitting
information over radio frequency channels via TX/RX anten-
nas 715. MIMO receiver 710 may include a component
capable of receiving information over radio frequency chan-
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nels via TX/RX antennas 715. TX/RX antennas 715 may
include multiple antennas capable of receiving information
and transmitting information via radio frequency channels.
TX/RX antennas 715 may be communicatively coupled to
MIMO transmitter 705 and MIMO receiver 710.

Although FIG. 7 illustrates exemplary components of
transceiver 605, in other implementations, transceiver 605
may include fewer, additional, or different components than
those depicted in FIG. 7.

FIG. 8 is a diagram of exemplary components of MIMO
transmitter 705. As illustrated, MIMO transmitter 705 may
include a transmit processing unit 805 and a feedback pro-
cessing unit 810 that includes a UEP decoder 815.

Transmit processing unit 805 may include a component
capable of processing information for transmission. For
example, transmit processing unit 805 may be capable of
modulating, interleaving, multiplexing, equalizing, filtering,
encoding, etc. information to be transmitted. Transmit pro-
cessing unit 805 may be capable of performing link adapta-
tion based on an interpretation of received feedback mes-
sages.

Feedback processing unit 810 may include a component
capable of interpreting the feedback message. Feedback pro-
cessing unit 810 may be communicatively coupled to MIMO
receiver 710 to receive the feedback message for interpreta-
tion.

UEP decoder 815 may include a component capable of
decoding the UEP applied to the feedback message.

Although FIG. 8 illustrates exemplary components of
MIMO transmitter 705, in other implementations, MIMO
transmitter 705 may include fewer, additional, or different
components than those depicted in FIG. 8. For example,
feedback processing unit 810 and/or UEP decoder 815 may
be included with MIMO receiver 710.

As previously mentioned above. UE 105 may generate a
feedback message and transmit the feedback message to
wireless station 115. Wireless station 115 may perform link
adaptation based on the feedback message received. The term
“feedback message,” as used herein, is intended to be broadly
interpreted to include any type of data transmission/reception
unit including a datagram, a packet, a frame, a cell, or a block.
Described below is an exemplary feedback message having
UEP. For purposes of discussion, it is assumed that UE 105
generates the feedback message having a fixed length. How-
ever, in other implementations, this may not be the case. For
example. UE 105 may generate the feedback message having
a variable length based on, for example, the channel condi-
tions. That is, where channel path loss is high and transmis-
sion rank is low, the feedback message may include fewer
CQIs and correspondingly be of a smaller length compared to
when channel path loss is low, transmission rank is high and
a greater number of CQIs may be included in the feedback
message. However, even still, unequal error protection may
still be applied according to the concepts described herein.

FIG. 9A is a diagram illustrating an exemplary feedback
message 900. As illustrated, feedback message 900 may
include parts M(0) through M(r_max). An M part may
include feedback parameters. For example, a feedback
parameter may include a transmission recommendation or a
transmission command. A transmission recommendation ora
transmission command may include CQls, and/or other types
of transmission characteristic information. The feedback
message may additionally include other parameters and/or
feedback parts, for instance a transmission property value,
e.g. transmission rank. The term transmission rank, may
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include, for example, the number of simultaneous data
streams or layers that UE 105 recommends and commands to
be transmitted to itself.

It will be appreciated that while it is assumed that UE 105
may generate feedback message 900 having a fixed length,
parts M(0) through M(r_max) may not each contain a feed-
back parameter. For example, if feedback processing unit 410
of UE 105 determines a transmission rank of 1, feedback
processing unit 410 may calculate a CQI for only one layer
(e.g., part M(0)). That is, parts M(1) through M(r_max) may
not contain useful information for purposes of link adapta-
tion. For example, parts M(1) through M(r_max) may contain
garbage values. In this regard, these values would not be
useful for purposes of performing link adaptation. In other
implementations, this may not be the case. For example,
when feedback message 900 is of a variable length, garbage
values may not be present. Further, the feedback message 900
may contain CQIs for more than one transmission rank and
omitting the transmission rank recommendation or com-
mand, thereby leaving the transmission rank choice com-
pletely to the wireless station.

UEP encoder 415 may encode feedback message 900 with
UEP. As illustrated, each M part of feedback message 900
may have a corresponding level of error protection (e.g., F(0)
through F(r_max)). For example, the error protection levels
for F(0) through F(r_max) may correspond to F(0)>
F(1)...>F(r_max). That is, part M(0) may have a higher level
of error protection than part M(1), part M(2) may have a
higher level of error protection than part M(3), etc. An M part
having a higher level of error protection than another M part
may provide a greater likelihood that information bits in the
M part will be decoded correctly when random errors occur
during transmission. In other implementations, the levels of
error protection for parts M(0) through M(r_max) may be
distributed differently depending on, among other things, the
feedback parameters contained therein.

One example of a transmission property is transmission
rank. Typically, when channel path loss is high (e.g., a low
signal-to-noise ratio (SNR), signal-to-interference ratio
(SIR), signal-to-interference-plus-noise ratio (SINR), etc.,)
the transmission rank is low. Other factors may be indicative
of'a low transmission rank, such as geometry (e.g. distance to
wireless station 115), and/or other types of channel state
information, such as reciprocal channel parameters (i.e.,
parameters that are substantially correlated between the
uplink and the downlink of UE 105). For example, a low
geometry may translate to a stronger interference (e.g. low
SIR). Conversely, when channel path loss is low, the trans-
mission rank is typically high. In this regard, unlike existing
feedback schemes, it would be advantageous to exploit the
relationship that exists between the transmission rank and the
levels of error protection applied to the M parts of feedback
message 900. That is. UEP may be applied to feedback mes-
sage 900 so that M parts containing (useful) information may
be provided with a higher level of error protection than M
parts not containing (useful) information.

Based on these assumptions and/or relationships
described, when UE 105 recommends or commands a low
transmission rank, there is typically a need for a higher level
of error protection in feedback message 900 than when UE
105 recommends or commands a high transmission rank.
Therefore, the feedback parts having a relationship with a low
transmission rank need a higher level of error protection in the
feedback message than the feedback parts having a relation-
ship with a high transmission rank. For example, if feedback
part M(0) is related to transmission rank 1 and M(1) is related
to transmission rank 2, then M(0) needs a higher level of error
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protection than M(1). Thus, by applying an UEP coding
scheme with feedback message 900, the average error prob-
ability of useful feedback parts may be minimized.

Based on these concepts, information bits of an (M) part
corresponding to a single rank transmission may be afforded
the highest level of error protection in feedback message 900.
It will be appreciated, however, that feedback message 900
may contain a single CQI when the transmission rank is
greater than 1. For example, if UE 105 includes a linear
MIMO receiver and employs large delay cyclic delay diver-
sity (CDD), the effective CQIs for all used layers may be
identical since the data (e.g., symbols) from each layer may
be interleaved across all used spatial dimensions. However, if
UE 105 includes a successive interference cancellation (SIC)
type of receiver, the CQIs of subsequently decoded layers
may increase. Thus, there may be a need for multiple CQIs
and UEP.

FIG. 9B is a diagram illustrating feedback message 900
that includes exemplary feedback parts. Parts M(0) through
M(r_max) may each include a CQI or a garbage value based
on the transmission property value. The transmission prop-
erty value may be included in the feedback message 900. For
example, if the transmission property is transmission rank
and the transmission rank value is 1, part M(0) may include a
CQI for a stream 1 corresponding to transmission rank 1, and
parts M(1) through M(r_max) may include garbage values. In
another case, feedback message 900 may include a transmis-
sion rank value of 2. In such an instance, part M(0) may
include a CQI for stream 1 corresponding to transmission
rank 2 and part M(1) may include a CQI for stream 2 corre-
sponding to transmission rank 2. Parts M(2) through
M(r_max) may include garbage values. Thus, in such a feed-
back scheme, the content of parts M(0) through M(r_max)
may be based on a transmission property value (e.g. transmis-
sion rank, number of carriers, etc.). It will be appreciated
garbage values may not be included with feedback message
900 when, for example, feedback message 900 is of a variable
length. The feedback part content for higher transmission
rank values is analogous. In the example of FIG. 9B, M(0) is
associated with the range of transmission property (rank)
values 1, 2, . . . (r_max+1), since the content of the feedback
part is applicable for all these values of the transmission
property. Similarly, M(1) is associated with the range of val-
ues 2,3, ..., (r_max+l). etc., for M(i) with i=2, . . . r_max.
This exemplifies an ordered set of feedback parts, since the
lowest value in the range of transmission property values for
M(0), i.e. 1, is lower than the lowest value in the range of
property values for M(1). i.e., 2, and so on for the subsequent
feedback parts.

FIG. 9C is a diagram illustrating feedback message 900
including another set of exemplary feedback parameters.
However, in contradistinction to FIG. 9B, feedback message
900 may not include a transmission property value (e.g.,
transmission rank, number of carriers, etc.). Nevertheless, the
content of parts M(0) through M(r_max) may be based on the
transmission property. For example, assume UE 105 provides
CQI recommendations for transmission ranks 1 and 2 (i.e.
r_max=1). In such an instance, part M(0) may include a CQI
for a stream 1 associated with a transmission rank of 1, and
part M(1) may include a CQI for a stream 1 and a CQI for a
stream 2, that may be associated with a transmission rank of
2. In this example, wireless station 115 may choose between
using transmission rank 1 or transmission rank 2 since it has
CQIs for both cases available through feedback message 900.
In this example, M(0) is associated with the range of trans-
mission rank values 1 (e.g., the range contains only one
value), since the content of M(0) is applicable only for a rank
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1 transmission. Similarly, M(1) is associated with the range of
transmission rank values 2 (e.g., the range contains only one
value), since the content of M(1) is applicable only for rank 2
transmission. This exemplifies an ordered set of feedback
parts, since the lowest value in the range of transmission
property values for M(0), i.e. 1, is lower than the lowest value
in the range of transmission property values for M(1), i.e. 2.

While feedback message 900 has been described in refer-
ence to CQIs for different layers, the concepts described
herein have broader application. For example, UEP may be
applied to any feedback parameter that may be reported on a
per-layer basis. Thus, any feedback parameter that may be
considered more important when, for example, the channel
path loss is high, may be afforded a higher level of error
protection than other feedback parameters. Similarly, any
feedback parameter that may be considered less important
when, for example, the channel path loss is low, may be
afforded a lower level of error protection than other feedback
parameters.

Although FIGS. 9A-9C illustrate an exemplary feedback
message 900, in other implementations, feedback message
900 may include additional, different, or fewer feedback
parameters and/or feedback parts than those described. Addi-
tionally, or alternatively, in other implementations, the distri-
bution of unequal error protection may be different.

FIGS. 10-12 relate to exemplary processes that may be
associated with the concepts described herein. FIG. 10 illus-
trates an exemplary process that may be performed by UE 105
for generating feedback message 900. FIG. 11 illustrates an
exemplary process that may be performed by wireless station
115 for link adaptation based on feedback message 900. FIG.
12 illustrates an exemplary exchange of transmissions
between UE 105 and wireless station 115 which include
feedback message 900.

FIG. 10 is a flow diagram illustrating an exemplary process
1000 that may be employed for generating feedback message
900. Process 1000 may begin with receiving transmission
signals (block 1005). For example, referring to FIG. 12, wire-
less station 115 may transmit a first transmission 1205 to UE
105. UE 105 may receive first transmission 1205.

Returning to FIG. 10, channel conditions may be deter-
mined based on the received transmission signals (block
1010). Feedback processing unit 410 of UE 105 may perform
channel estimations based on first transmission 1205. For
example, feedback processing unit 410 may calculate SIR,
SNR, SINR estimates, and/or other types of channel state
information to determine channel conditions.

Feedback parameters may be determined based on the
channel conditions (block 1015). For example, feedback pro-
cessing unit 410 may determine feedback parameters based
on the channel condition. As previously described, the feed-
back parameters may include, for example, a transmission
property (e.g., transmission rank, number of carriers to trans-
mit), CQIs, and/or other types of transmission characteristic
information.

A feedback message may be generated that include the
feedback parameters (block 1020). Feedback processing unit
410 may insert the feedback parameters into feedback mes-
sage 900. For example, feedback processing unit 410 may
generate feedback message 900 to include a transmission
property value and corresponding CQIs (e.g., as previously
described in FIG. 9B). Alternatively, feedback processing
unit 410 may generate feedback message 900 to include CQIs
for a plurality of transmission property values (e.g., as previ-
ously described in FIG. 9C).

The feedback message may be encoded with an unequal
error protection code (block 1025). UEP encoder 415 of UE
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105 may unequally error protect feedback message 900. For
example, as previously described in connection with FIGS.
9A-9C, feedback message 900 may include M(0) through
M(r_max) parts. In other implementations, feedback message
900 may have a variable length and the number of (M) parts
may change, as previously described.

The distribution of the UEP may have a relationship
between the placement and/or ordering of the feedback
parameters in feedback message 900. Additionally, or alter-
natively, the level of error protection afforded to each param-
eter in feedback message 900 may be based on, for example,
a transmission property. In one implementation, the distribu-
tion of the UEP may be fixed. For example, referring to FIG.
9B, the M parts may each have a fixed level of UEP regardless
of their value. These concepts may be applied to a fixed or
variable length feedback message 900.

The feedback message may be transmitted (block 1030).
UE 105 may transmit feedback message 900 to wireless sta-
tion 115 via MIMO transceiver 205, as illustrated in FIG. 12
by the transmission of a feedback message transmission
1210.

Although FIG. 10 illustrates an exemplary process 1000, in
other implementations, fewer, additional, or different opera-
tions may be performed. For example, process 1000 may
include determining information other than channel state
information, such as precoding information, beamforming
information, etc. Feedback message 900 may include this
additional information.

FIG. 11 is aflow diagram illustrating an exemplary process
1100 that may be employed for performing link adaptation
based on unequally error protected feedback message 900.
Process 1100 may begin with receiving a feedback message
(block 1105). For example, referring to FIG. 12, wireless
station 115 may receive feedback message 900 via feedback
message transmission 1210.

Returning to FIG. 11, the feedback message, encoded with
a UEP code, may be decoded (block 1110). UEP decoder 815
of wireless station 115 may decode feedback message 900.

The feedback parameters in the feedback message may be
interpreted (block 1120). Feedback processing unit 810 of
wireless station 115 may interpret the feedback parameters
contained in feedback message 900. Since the feedback parts
included in feedback message 900 are coded with UEP, in one
implementation, wireless station 115 may form an interpre-
tation of the feedback message differently than existing
schemes. For example, wireless station 115 may form an
interpretation based on a weighting scale corresponding to
the level of error protection. In this regard, the feedback
parameters afforded with a higher level of error protection
may be weighted more heavily than feedback parameters with
a lower level of error protection. In instances where feedback
message 900 includes M parts that do not have useful values,
these parts may be ignored. In one implementation, feedback
processing unit 810 may recognize M parts that do not have
useful values based on the values themselves and/or the trans-
mission rank.

A subsequent transmission may be adapted based on the
interpretation of the feedback message (block 1125). Trans-
mit processing unit 805 may adapt a subsequent transmission
to UE 105 based on the interpretation of the feedback param-
eters contained in feedback message 900. For example, trans-
mit processing unit 805 may employ adaptive modulation and
coding (AMC) and/or other signal and protocol parameters to
improve data throughput. For example, transmit processing
unit 805 may select an appropriate modulation scheme, pre-
coding scheme, etc., based on the feedback message 900.
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The subsequent transmission may be transmitted (block
1130). Wireless station 115 may transmit the subsequent
transmission to UE 105 via transceiver 605, as illustrated in
FIG. 12 by the transmission of a second transmission 1215.

Although FIG. 11 illustrates an exemplary process 1100, in
other implementations, fewer, additional, or different opera-
tions may be performed.

Unlike existing solutions, the concepts described herein
exploit the connection between a transmission property, e.g.,
transmission rank, and the level of error protection applied to
different parts of the feedback message. As aresult, feedback
parameters associated with a low transmission property value
may be more protected from errors than additional feedback
parameters that have arelationship with a higher transmission
property value.

It will be appreciated that application of the concepts
described herein may extend to other communication sys-
tems. For example, in a multi-carrier (MC) system, such as
the extension to a WCDMA system, the number of carrier
frequencies may correspond, by analogy, to the spatial layers
in a MIMO system. Further, CQIs for different frequencies
may correspond, by analogy, to CQIs for different spatial
layers in the MIMO system. The number of carriers, as well as
the number of spatial layers in a MIMO system (i.e. the
transmission rank), are examples of a transmission property.
Accordingly, in a MC system, it may advantageous due to
system complexity or other reasons, to have the same control
and/or feedback channels regardless of the number of sched-
uled carriers. The number of used carriers may be higher if the
channel conditions are good and the number of used carriers
may be lower if the channel conditions are poor. Hence, the
feedback parts corresponding to the transmission on few car-
riers may need a higher level of error protection than the
feedback parts corresponding to the transmission on many
carriers.

Precoding is a popular technique used in conjunction with
multi-antenna transmission. The basic idea is to mix and
distribute the modulation symbols over the antennas while
possibly taking the current channel conditions into account.
This is often realized by multiplying the information carrying
symbol vector by a matrix selected to match the channel. The
symbol vector contains modulation symbols. Sequences of
symbol vectors thus form a set of parallel symbol streams and
each such symbol stream is referred to as a layer. Thus,
depending on the precoder choice, a layer may directly cor-
respond to a certain antenna or it may via the precoder map-
ping be distributed onto several antennas. Precoding is one of
the key MIMO techniques in LTE. One of the most important
characteristics of the channel conditions in the field of high
rate multi-antenna transmission is the so-called channel rank.
Roughly speaking, the channel rank can vary from one up to
the minimum number of transmit and receive antennas, here
denoted r,,,.. Taking a 4x2 system as an example, i.e., a
system with four transmit antennas and two receive antennas,
the maximum channel rank is thus two. The channel rank
varies in time as the fast fading alters the channel coefficients.
Moreover, it determines how many layers that can be success-
fully transmitted simultaneously. Hence, if the channel rank
is one at the instant of transmission of two layers, there is a
high likelihood that the two signals corresponding to the two
layers will interfere so much that both of the layers are erro-
neously detected at the receiver.

In order to adapt the transmission to the varying channel
conditions, the receiver may report (feed back) the effective
channel quality on each layer to the transmitter by a Channel
Quality Indicator (CQI). In a communication system that
adapts the number of transmitted layers to the channel rank,
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the receiver reports CQI for a variable number of layers. In
practice however, it is often not considered feasible to let the
length of the feedback report vary with the channel conditions
(note that a feedback report may contain other information
than the CQIs, for instance the choice of a precoder matrix).
Instead, bits are reserved in the feedback report for CQIs for
the maximum number of layers, r,, .

In existing solutions with per-layer CQI, the feedback
report always contains r,,,, CQls.

It should be noted that although terminology from 3GPP
LTE has been used in this application to exemplify the inven-
tion, this should not be seen as limiting the scope of the
invention to only the aforementioned system. Other wireless
systems, including WCDMA, HSPA, WiMax, GSM, UMB,
may also benefit from exploiting the ideas covered within this
disclosure.

In existing solutions, the feedback report is channel
encoded without taking into account that feedback messages
needed for higher transmission ranks need less protection.
Thus, the existing solutions do not exploit the connection
between the transmission rank r and the need for error pro-
tection.

According to the invention, unequal error protection (UEP)
channel codes is used in order to give higher error protection
to the parts of feedback or control signaling that are more
important when the path-loss is high (low SNR) or geometry
is low. Similarly, the parts of the feedback that are more
important when the path-loss is low (high SNR), or geometry
high, are given lower error protection.

Using CQIl reporting as an example of feedback, the inven-
tion enables strong CQI error protection when the number of
requested layers is low and when it is likely that the path-loss
is high by letting the information bits corresponding to r=1
have the highest protection. When r=1, the information bits
corresponding to the CQIs of the unused layers do not carry
any useful information. Errors on these bits therefore have no
impact. With successively increasing r, the bits corresponding
to the CQIs of the added layers are given successively lower
error protection. By applying UEP coding, the average layer-
CQI error probability may be minimized.

The use of a single CQI may occur also when the channel
rank is greater than one. For instance, if large delay CDD or
layer permutation is used in conjunction with a linear MIMO
receiver, the effective CQIs for all used layers are identical,
since the symbols from each layer are interleaved across all
used spatial dimensions. But if a successive interference can-
cellation (SIC) type of receiver is used, the CQIs of subse-
quently decoded layers/codewords will increase. Thus there
is a need for extra signaling bits for the support of SIC and
those bits do not need as strong protection. This is an addi-
tional motivation for a higher error protection level for one of
the CQls.

The invention is not limited to UEP coding of CQIs for
different layers. The UEP principle is valid also for other
parameters that are reported per layer. Furthermore, the prin-
ciple may be generalized beyond parameters connected to
spatial layers.

Another example where the proposed invention may be
used is in a multi-carrier (MC) system, such as an extension of
the current WCDMA system to multiple carriers. In this case
the number of carrier frequencies would have the same mean-
ing as spatial layers in a MIMO system. The CQIs for the
different frequencies will, in this MC case, correspond to the
CQIs for different spatial layers in a MIMO setup. In such a
MC system it may be advantageous, due to system complex-
ity or other reasons, to have the same control or feedback
channels regardless of the number of scheduled carriers.
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Hence, ifless than the maximum number of carriers is sched-
uled, control information for non-scheduled carriers is not
needed. Hence no (or very little) error protection would then
be needed for those bits. By applying the principle described
in this invention the same control channel structure can be
maintained regardless of the number of used carriers.

Other objects, advantages and novel features of the inven-
tion will become apparent from the following detailed
description of the invention.

This section describes in more detail a particular example
of the use of the presented invention. It should however be
noted that this does not limit the scope of the invention.

Let r=r,,,, denote the number of layers the receiver feeds
back information about. If r=r,,, , the receiver requests/rec-
ommends full rank transmission. If r=1, the receiver requests
single-layer transmission. Only r of the r,,,,, CQIs (assuming
one CQI per layer, schemes with fewer CQImay also be used)
in the feedback report contain useful information. It is a
reasonable assumption that when r is high, the need for error
protection is lower, than when r is low. This since when the
receiver is closer to the transmitter (e.g. cell-center) feedback
messages needed for higher transmission ranks need less
protection. For example, multi-layered transmission (high
transmission rank r) is more beneficial when the channel
path-loss is low (high SNR) or geometry is high (including
less interference). Single-layered transmission (r=1) is more
likely when the path-loss is high (low SNR) or low geometry
(including stronger interference), i.e. when the receiver is far
away from the transmitter, often meaning on the cell-edge if
a cellular system is considered. Given that the path-loss is
reciprocal between the up- and downlink channels, the need
for error protection of the feedback report is typically higher
when r is low (low SNR). Similarly, the need for error pro-
tection of the feedback report is typically lower when r is high
(high SNR).

Let M, denote the part of the feedback report that does not
contain layer-specific information. Let A denote the number
of information bits of M,. Let M, denote the part of the
feedback report that corresponds to the i:th layer (1=i=r,

max)s

more specifically the CQI of layer i. Let M, be b, bits and

Tmax

B:i; b

In total, the feedback report contains C=A+B information
bits. We exemplify by assuming that A and B do not change
with r. For practical reasons, all B bits are fed back, even
though r<r,,,.. When r<r the uncoded C-bit feedback

message contains only

maxs

useful information bits, since M,.,;, K. M, don’t carry use-
ful information. It doesn’t matter if these unused bits are
received erroneously. The C-bit feedback report is channel
coded for error protection to D encoded bits.

In an existing solution, the feedback report is channel
coded with equal error protection for all C information bits.
For example, a “t-error correcting binary code” will decode
the correct feedback report if t or fewer errors occur in the
transmitted D-bit codeword. Hence, a problem with the exist-
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ing equal-protection solutions is that when error protection is
the most needed (e.g. high path-loss/geometry and typically
low r), the unused M, ,, K, M, are encoded, for the same
level of protection as the used M,,, K, M,.

To improve the overall CQI error performance, unequal
error protection (UEP) codes are used. UEP codes are well
known and studied in literature, see for example Masnick, B.
Wolf, J., “On linear unequal error protection codes”, IEEE
Transactions on Information Theory, vol. 3, no. 4, pp. 600-
607. October 1967, and Boyarinov, I. M., Katsman. G. L.,
“Linear unequal error protection codes”. IEEE Transactions
on Information Theory, vol. 37, no. 2. pp. 168-175. March
1981, and will therefore not be presented in any detail here.
Briefly, UEP codes enable unequal error protection charac-
teristics to different digits in the information word
[MoAM, .

Referring back, FIG. 9A illustrates the principle of an
application of the invention. The C=A+ZXb, information bits
long feedback report is encoded so that for example
F>A>f, , where f, is the error protection level of M,. A
higher error protection level means that the information bits
are more likely to be decoded correctly when random errors
occur in the D-bit codeword. Depending on the content of M,,,
fo can be higher or lower than f,. However f, should be
greater than f,.

The feedback report is constrained to C uncoded bits and D
encoded bits. The invention distributes the error protection
between the low transmission rank r and high transmission
rank r cases so that the useful information for low r is more
protected than the additional information that is transmitted
when r is high. This is motivated by the connection between
low transmission rank r and higher need for error protection.
In a more general context, the advantage of the invention is
the ability to exploit the fact that certain parts of the feedback
message are typically useful primarily for higher geometry/
lower path losses where the conditions for the reverse link
channel carrying the feedback message tend to be better as
well.

The present invention may, of course, be carried out in
other ways than those specifically set forth herein without
departing from essential characteristics of the invention. The
present embodiments are to be considered in all respects as
illustrative and not restrictive.

The foregoing description of implementations provides
illustration, but is not intended to be exhaustive or to limit the
implementations to the precise form disclosed. Modifications
and variations are possible in light of the above teachings or
may be acquired from practice of the teachings.

In addition, while series of blocks have been described with
regard to processes illustrated in FIGS. 10 and 11, the order of
the blocks may be modified in other implementations. Fur-
ther, non-dependent blocks may be performed in parallel.
Further, one or more blocks may be omitted. It is also to be
understood that the processes illustrated in FIGS. 10 and 11
and/or other processes described herein, may be performed
based on instructions stored on a computer-readable medium.

It will be apparent that aspects described herein may be
implemented in many different forms of software, firmware,
and hardware in the implementations illustrated in the figures.
The actual software code or specialized control hardware
used to implement aspects does not limit the invention. Thus,
the operation and behavior of the aspects were described
without reference to the specific software code—it being
understood that software and control hardware can be
designed to implement the aspects based on the description
herein.
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Even though particular combinations of features are
recited in the claims and/or disclosed in the specification,
these combinations are not intended to limit the invention. In
fact, many of these features may be combined in ways not
specifically recited in the claims and/or disclosed in the speci-
fication.

It should be emphasized that the term “comprises” or
“comprising” when used in the specification is taken to
specify the presence of stated features, integers, steps, or
components but does not preclude the presence or addition of
one or more other features, integers, steps, components, or
groups thereof.

No element, act, or instruction used in the present applica-
tion should be construed as critical or essential to the imple-
mentations described herein unless explicitly described as
such.

What is claimed is:
1. A method for providing feedback information by a
device associated with a wireless network comprising:

receiving a plurality of transmissions via a receiver of the
device;

generating a feedback message based on the plurality of
transmissions, the feedback message including an
ordered set of feedback parts, with each feedback part
comprising a value representing a level of link adapta-
tion utility associated with a respective transmission
property of each of the plurality of transmissions, said

respective transmission property capable of having a

range of transmission property values, where:

a greater transmission property value represents a lower
path loss for a potential transmission than a lower
transmission property value that represents a higher
path loss for the potential transmission,

the ordered set of feedback parts being defined such that
a lowest value in the range of transmission property
values for each of the feedback parts, except a first
feedback part in the ordered set of feedback parts, is
greater than a lowest value in the range of transmis-
sion property values of a preceding feedback part in
the ordered set, and

the ordered set of feedback parts being defined such that
the relationship between each feedback part and the
range of transmission property values being such that
one or more of the feedback parts include information
that at least partly predicts a communication perfor-
mance of the potential transmission with a character-
istic corresponding to any of the transmission prop-
erty values in the range of the transmission property
values, wherein each of the one or more of the feed-
back parts includes a different number of channel
quality indicators;

encoding the feedback message for the plurality of trans-
missions using an unequal error protection code based
on a transmission property that provides a plurality of
levels of error protection for the feedback parts, where:

a level of error protection of each feedback part, except
the first feedback part, is lower than or equal to a level
of error protection of the preceding feedback part, and

at least two of the feedback parts in the ordered set have
differing levels of error protection; and

transmitting the encoded feedback message.

2. The method of claim 1, where the receiver includes a
multiple-input multiple-output receiver.

3. The method of claim 1, where the feedback message has
a fixed length including a fixed number of feedback parts
belonging to the ordered set.
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4. The method of claim 1, wherein each of the channel
quality indicators is a stream-specific channel quality indica-
tor corresponding to one or more transmission property val-
ues.

5. The method of claim 1, wherein each of the channel
quality indicators is associated with the transmission prop-
erty, and the transmission property includes a transmission
rank.

6. The method of claim 1, where the transmission property
includes one of a transmission rank or a number of carrier
frequencies to be transmitted.

7. The method of claim 6, where the feedback message
includes a single transmission property value of the range of
transmission property values.

8. The method of claim 7, where if the single transmission
property value corresponds to a maximum transmission prop-
erty value, a last feedback part of the one or more feedback
parts of the ordered set of feedback parts has a lowest level of
error protection.

9. The method of claim 1, where the feedback message
includes at least one feedback parameter.

10. The method of claim 1, where each of the one or more
of the feedback parts that include information has a relation-
ship with a different transmission property value.

11. The method of claim 1, where the range of transmission
property values includes a range up to a maximum transmis-
sion property value.

12. The method of claim 1, where each value of each of the
feedback parts is associated with a different transmission
property value in the range of transmission property values.

13. The method of claim 1, where the device includes a user
equipment.

14. A device, comprising:

a transceiver configured to:

receive a plurality of transmissions from another device;
generate a feedback message based on the plurality of
transmissions including a set of feedback parts, with
each feedback part comprising a value representing a
level of link adaptation utility associated with a
respective transmission property of each of the plu-
rality of transmissions, said respective transmission
property capable of having a range of transmission
property values that correspond to path losses for a
potential transmission, and where:
each of the feedback parts is capable of including
information that predicts a communication perfor-
mance of the potential transmission,
where the information that predicts the communica-
tion performance of the potential transmission cor-
responds to one or more channel quality indicators
and each of the feedback parts includes a different
number of channel quality indicators, and
the feedback parts have an order where the order
provides lesser error protection to feedback parts
that are associated with transmission property val-
ues that represent a lower path loss for the potential
transmission and greater error protection to feed-
back parts that are associated with transmission
property values that represent a higher path loss for
the potential transmission;
encode the feedback message for the plurality of trans-
missions using an unequal protection code based on
the transmission property that provides a plurality of
levels of error protection for the feedback parts, where
the respective level of error protection for each of the
feedback parts is lower than or equal to a preceding
feedback part; and
transmit the feedback message via an antenna.
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15. The device of claim 14, where each value of each of the
feedback parts is associated with a different transmission
property value in the range of transmission property values.

16. The device of claim 14, where each value of each of the
plurality of the feedback parts has a relationship with the
same transmission property value in the range of transmission
property values.

17. The device of claim 14, where the feedback message
includes at least one feedback parameter.

18. The device of claim 14, where the transceiver includes
a multiple-input multiple-output receiver.

19. The device of claim 14, where the device includes a
user equipment and the other device includes a base station.

20. A non-transitory computer-readable medium contain-
ing instructions executable by at least one processor of a
device, the computer-readable medium comprising:

one or more instructions for receiving a plurality of trans-

missions;

one or more instructions for generating a feedback mes-

sage based on the plurality of transmissions, the feed-
back message including feedback parts, with each feed-
back part comprising a value representing a level of link
adaptation utility associated with a respective transmis-
sion property of each of the plurality of transmissions,
said respective transmission property capable of having
a range of transmission property values that represent
path losses for a potential transmission, and where:
each of the feedback parts is capable of including infor-
mation that at least partly predicts a communication
performance of the potential transmission,
where the information that predicts the communication
performance of the potential transmission corre-
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sponds to one or more channel quality indicators and
each ofthe feedback parts includes a different number
of channel quality indicators, and

the feedback parts have an order where the order pro-
vides lesser error protection to feedback parts that are
associated with transmission property values that rep-
resent a lower path loss for the potential transmission
and greater error protection to feedback parts that are
associated with transmission property values that rep-
resent a higher path loss for the potential transmis-
sion;

one or more instructions for encoding the feedback mes-

sage for the plurality of transmissions with an unequal
error protection code based on the transmission property
that provides a plurality of levels of error protection for
the feedback parts, where the respective level of error
protection for each of the feedback parts is lower than or
equal to a preceding feedback part; and

one or more instructions for transmitting the feedback mes-

sage.

21. The non-transitory computer-readable medium of
claim 20, where the device includes a multiple-input mul-
tiple-output receiver and the feedback parts are given values
corresponding to data-stream specific channel quality indica-
tor values, the data-stream specific channel quality indicator
values each having a different level of error protection in
accordance with a transmission rank parameter indicative of
the channel conditions.

22. The non-transitory computer-readable medium of
claim 20, where the device includes a user equipment.
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